ABSTRACT: The response and feedbacks of forest systems to global environmental change, including the ecosystems of West Africa, are expected to be profound. A comparative assessment of current and future forest distribution in Cameroon and Ghana in response to land-use change and global climate change was completed. From 1970 to 1990, the forest area of Cameroon and Ghana declined dramatically due to harvesting and degradation, averaging 0.6 and 1.3 % each year, respectively. The areal distribution of West African forest systems is projected to shift 5 to 15%, based on 4 General Circulation Model (GCM) scenarios and the Holdridge Life Zone Classification System. Loss of forest habitat due to destruction, degradation and climate change is projected to increase animal and plant species loss. Adaptation of evergreen and deciduous forest systems to global environmental change poses many challenges for Cameroon and Ghana. Application of low-input, indigenous resource management options, which have been practiced on a sustained basis for centuries, may be a feasible adaptation goal.
INTRODUCTION
The accumulation of greenhouse gases in the atmosphere due to land-use change, fossil fuel combustion and other human activities may have begun to change the global climate (Schneider 1989 , IPCC 1995 . The response and feedbacks of the terrestrial biosphere to projected global climate change are expected to be profound (Smith et al. 1991 (Smith et al. , 1993 . Large shifts in the distribution and productivity of vegetation, especially forest systems, are implied by the climate change scenarios of General Circulation Models (GCMs) (Neilson et al. 1994) . Globally, the area of tropical and temperate forests is projected to expand by up to 20%, whereas boreal forests could decrease up to 50% (Krankina & Dixon 1993) . Grasslands, savannas, and shrublands may significantly increase in areal extent, particularly in zones of marginal productivity due to limiting edaphic factors (Prentice et al. 1992) . Even if the GCM scenarios are only partially correct, the productivity of existing forest and agroecosystems in zones of marginal productivity, such as sub-Saharan Africa, will inevitably change (Gleick 1989) .
The countries of sub-Saharan West Africa, including Guinea, C6te dlIvoire, Togo, Ghana, Nigeria, and Cameroon, all span a wide range of climatic and edaphic zones. Several coarse ecoregions have been identified in the sub-Saharan zones from south to north: coastal mangroves, lowland rain forest, coastal grass and shrublands, Guinea sudan (woodlands), semi-desert grass and shrublands, and desert (Hall & Swaine 1981) . Precipitation, strongly influenced by the Atlantic Ocean, is relatively abundant and distributed seasonally in the coastal zone of West Africa, but amounts decrease dramatically inland. During this century, West Africa has experienced marked fluctuations in rainfall amount and distribution, influencing vegetation distribution and productivity (Glantz & Katz 1985 , Hellden 1992 . Climate variability, in combination with fragile soil systems, many of which have low organic matter, low fertility and CEC, and high bulk density (Barrett-Lennard et al. 1986) , have influenced land-use patterns, sustainable development of natural resources, and environmental integrity of this region (Bushbacher 1992) .
The nations of West Africa, especially Cameroon and Ghana, were once well endowed with forest resources (Barnes 1990 . Forests offer many timber and non-timber goods and services for the rapidly growing agrarian economies of these 2 countries, despite contrasting colonial histories and natural resource management patterns (Gregerson et al. 1989 , Bushbacher 1992 . Degradation and loss of forests in both Cameroon and Ghana have increased sharply in recent decades (Dixon et al. 1996) . Tracts of relatively undisturbed forest harbor abundant biodiversity (Alpert 1993) , protect fragile soils (Gartlan 1986) , and modulate the supply of scarce water resources (Glantz & Katz 1985 , Gilbert et al. 1995 .
The objective of this assessment is to: (1) characterize current and future areal distribution of forest resources in Cameroon and Ghana, based on changes in land-use and global climate, and (2) identify potential options for forest system adaptation.
METHODS
Statistical information on forest type and areal extent (Singh 1993) , biomass and carbon density (Dixon et al. 1994) , species richness and loss (Alpert 1993) , forest area change (Unruh et al. 1993) , and greenhouse gas emissions (Graham et al. 1990 ) was compiled from information based on national forest surveys in Africa. This information was supplemented by Advanced Very High Resolution Radiometer (AVHRR) analysis of land-use patterns (Unruh et al. 1993 , Trexler & Haugen 1995 . A database of statistical information was compiled and, where appropriate, a Geographic Information System (GIS) was employed to validate and calibrate disparate information (Iverson et al. 1993 , Dixon et al. 1994 .
The potential effects of global climate change on vegetation in West Africa were estimated using scenarios of future climate produced by GCMs and the Holdridge Life Zone Classification (Holdridge 1967 , Smith et al. 1991 (Prentice et al. 1992) .
The relationship between forest habitat change and species change or loss was estimated using the species-area model of McArthur & Wilson (1967), using methods modified for low latitude forest systems by Lugo et al. (1993) . The equation S = CA', where S = number of species, A = forest area, and C i s a parameter that depends on the taxon, its population density and biogeographic region, was employed. The species-area relationship is determined by the Z factor that ranges from 0.2 to 0.7 for West Africa plant and animal habitats (Lugo et al. 1993) . Z factors greater than 0.6 suggest that species change or loss is proportional to forest area change, greater than recent empirical data suggest possible (Alpert 1993) . Thus, potential rates (%) or animal and plant change are presented. Given that forest area may expand in West Africa due to climate change impacts, change estimates should not necessarily be viewed as species loss estimates. Species change due to climate-change induced losses of forest habitat have large variance terms and should be viewed as a sensitivity analysis given the limitations of existing models (Smith et al. 1991) .
RESULTS
From 1970 to 1990, the forest area of Ghana declined by 50% and the proportion of degraded or semi-arid land increased (Table 1) . Annual deforestation in Ghana was approximately 122000 ha before large areas of primary forests were depleted. The indigenous forests of Ghana have been partially replaced with cocoa, oil palm, citrus, and rubber plantations in ecoregions with adequate site conditions (Gilbert et al. 1995) . Although forest harvesting is widespread in Trends in closed forest area and deforestation in Cameroon and Ghana (Singh 1993) Total closed forest Annual deforestation Peak annual area ( X 106 ha) [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] -simulated by the Holdridge Life Form Classification System, project the same direction of change in evergreen, deciduous and montane forests. Generally, these 3 scenarios predict an expansion in forest area, but the magnitude of change differs appreciably. The GFDL scenario projects a possible decrease in forest area, in contrast to the other 3 scenarios. Deforestation, forest degradation, and future global climate change significantly influence the projected rate of animal and plant species change in Africa ( Table 3) . Current species loss due to forest degradation and destruction ranged from 1 to 2.5 %, depending on ecoregion. Cameroon has the highest number of species in West Africa and over 40 and 100 globally threatened animals and plant species, respectively. The lowland evergreen forests of Cameroon have the greatest proportion of biological diversity and suffer high rates of annual forest loss. In comparison, Ghana has far fewer animal and plant species, including approximately 400 tree and shrub species. A rapid rate of climate change is projected to alter species occurrence in Africa, including Cameroon and Ghana. The uncertainty regarding the error terms of future species loss estimates is unknown due to inability to model the change. The rate of global climate change is of equal or greater importance than the direction or magnitude Cameroon, the relative reduction in closed forest area because it affects the ability of forest ecosystems and is less than in Ghana. A smaller human population, human institutions to adapt to a changing environinaccessibility of forests, and different resource manment. A summary of low latitude forest adaptation agement patterns have slowed the loss of forests in options, with an emphasis on West Africa, is presented Cameroon in recent decades (Alpert 1993) . Despite in Table 4 . Active vegetation and soil management, efforts to slow forest loss, the annual rate of deforestasuch as silvicultural practices, endangered species tion in Cameroon and Ghana is 0.6 and 1.3 %, respechabitat management, watershed manipulation, and tively.
anti-desertification techniques, could be applied given With a doubling of atmospheric CO2 in the next cencurrent infrastructure in Cameroon and Ghana (Giltury, significant shifts in the areal extent and distribubert et al. 1995). These reactionary and anticipatory tion of forest vegetation are projected for the continent of Africa (Fig. 1) . The Holdridge model driven by the UKMO 
DISCUSSION
A century ago, closed forests extended across equatorial Africa from Senegal to Zaire (Barnes 1990). In West Africa from Senegal to Nigeria, these forests have been harvested and degraded, including those occurring in Ghana. In central Africa, closed forests are less disturbed. Cameroon lies between these 2 regions and retains approximately 40% of its indigenous forests, more than any other coastal West African country (Hall & Swaine 1981 , Alpert 1993 . Cameroon and Ghana have growing agrarian economies and their forests are threatened by harvesting, degradation, and desertification in the near-term and possibly global climate change in the next century.
The causes of forest loss and degradation in Cameroon and Ghana are associated with economic development pressures: rapid population growth and urbanization, and demand for food, fuel and fiber, concentration of land ownership, national natural resource policies, and cultural/historical factors (Foley 1987 , Barnes 1990 ). Resource-poor farmers, timber concessionaires, ranchers, and traditional shifting cultivators all contribute to forest loss and decline (Boonkird et al. 1991) . Compounding these development pressures are government investment policies, tax and credit practices, and logging concessions (Gregerson et al. 1989 , Trexler & Haugen 1995 . Subsistence and small-scale commercial exploitation are more important than large-scale exploitation in Cameroon, but large-scale commercial logging is significant in Ghana. Government policy encourages natural resource development, especially commercial wood utilization (Sampson et al. 1993) . Foreign enterprises hold up to 75% of the logging concessions. Desertification and large-scale water management schemes also threaten the area1 extent of forests (Glantz & Katz 1985 , Hellden 1992 .
Loss of forests in Cameroon and Ghana has contributed to the emission of greenhouse gases to the atmosphere and the degradat~on of land (soil system) productivity and fostered desertification (Sanchez & Benites 1987) . Harvesting, degradation, and combustion of forests contribute CO2, CH, and N compounds to the atmosphere (Graham et al. 1990 , Hogan & Leng 1992 , with estimated greenhouse gas emissions of 0.25 to 0.45 Pg C annually from the continent of Africa (Dixon et al. 1994) . Deforestation and intensive cropping of fragile soil systems have contributed to a rapid decline in soil biological, chemical, and physical properties. Loss of soil organic matter contributes to a decline in crop production and an increase in C and N emissions to the atmosphere (Lugo et al. 1986 , Hall & Rosilo-Calle 1990 . Land previously considered marginal for production is now under cultivation in many ecoregions (Grainger 1988) . Anthropogenic factors (e.g. deforestation) are linked to the desertification of formerly stable and productive lands (Hellden 1992) .
Dramatic shifts in the area1 extent, distribution, condition, and reproduction of low-latitude forests are predicted with a future change in global climate (Prentice et al. 1992 , Smith et al. 1993 . During this century the African continent has experienced marked fluctuations in precipitation amount and distribution, with commensurate impacts on vegetation and land-use patterns (Glantz & Katz 1985 , Hellden 1992 . Recent changes in the regional climate of sub-Saharan Africa have been gradual, but future changes may be more rapid, with large, more dramatic impacts on vegetation, soils and human institutions (Gleick 1989) .
The climate scenarios presented in this report should be viewed as a sensitivity analysis due to the limitations of GCMs and the Holdndge models (Holdridge 1967) . For example, the Holdndge model is steadystate, not dynamic, and does not consider CO2 enrichment impacts on plant water-use efficiency or seasonality of precipitation (Prentice et al. 1992) . Species migration and succession within ecoregions will probably be important survival strategies in a changing global climate but are not considered in the Holdridge model (Neilson et al. 1994 ). Finally, current models are formulated using correlations between present vegetation and climate, ecological relationships that may change in a future global environment (Neilson et al. 1991) .
Threats to the abundance of biological diversity in Cameroon and Ghana include forest loss, desertification and future global climate change (Alpert 1993) . Although species abundance in West Africa is relatively low compared to southeast Asia or Amazonia, the current loss of animal and plant species due to anthropogenic factors is significant (Singh 1993) . The current system of legally protected areas (national parks, fauna1 reserves, bioreserves, protected forests) in Cameroon and Ghana is relatively elaborate in size and distribution, but progressive forest degradation and species loss is accelerating due to socioeconomic factors (Barnes 1990) . In a changing global climate, forest species shifts could occur through a slow, deliberate process of competitive displacement (via migration and succession), with the effects of this displacement on ecoregion structure and function minimal (Smith & Tirpak 1989) . However, if forest habitat shifts rapidly in response to climate change, species change could be dramatic (Neilson et al. 1994 ). Species-impoverished forest systems may be at greatest risk (Alpert 1993) ; however, ecosystem resiliency has been greater than current models predict (Lugo et al. 1993) .
Warfare, severe cyclic droughts, crop failures, and other environmental catastrophes have plagued African resource managers throughout history. The sustained development of forest resources is central to coping with these issues because the rural, agrarian human population relies significantly on forest ecosystems for food, fuel, fiber, employment, and income (Gregerson et al. 1989) . Land use and global climate change threats to African forest resources are significant in the near-and long-tern~ (Winjuni et al. 1993) . Adaptation to global change may be a more feasible strategic goal for Cameroon and Ghana than intensive mitigation measures such as those proposed by developed nations (Rubin et al. 1992 .
The success of that adaptation will be influenced by landscape dynamics and by socio-cultural variables such as history. The landscape of West Africa is a mosaic of forest systems which has been sustainably managed by indigenous resource managers for centuries (Glantz & Katz 1985) . Resource-poor farmers often adapt to a changing environment or to other constraints in order to sustain production of food, fiber, fuel, and other goods for survival (MacDicken & Vergara 1990) . While anticipatory adaptation in response to global climate change may be the most risk averse strategy for governments (Schneider 1989) , few developing countries have the human or institutional resources to implement such a strategy (Gleick 1985) . A reactionary, adaptive response to climate change may be more financially and logistically realistic, given the agrarian and developing economies of countries such as Cameroon and Ghana. The history and experience of adaptation in developing countries may enable them to avoid severe impacts encountered by developed countries (Smith & Tirpak 1989 ) in a rapidly changing global climate (Schneider 1989) .
However, that history and its implications vary among countries. For example, French colonies were subject to an assimilationist experience in which management at the local, regional and national level was inherently French. Due to that history, little indigenous infrastructure remains at the local level. In contrast, British colonies underwent a more remote colonial experience which relied on local, indigenous infrastructures to implement British policies and goals, but often favored specific ethnic groups. Adaptive responses to global change in West African forests will require local scale flexibility in response to uncertain futures ( A d e l m a n e t al. 1992). Indiqenous cultures a n d Greqerson H. Draper S, Elz D (1989) People and trees: the role -m a n a g e m e n t strategies will b e m o r e successful i n ;f social forestiy in sustainable development. EDI Seminar those responses t h a n will infrastructures a n d value Series, The World Bank, Washington, DC Hall DO, Rosilo-Calle F (1990) African forests and grasslands: systems imported from a b r o a d .
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